ABSTRACT. The distribution of retinal blood vessels in the eye of buffalo was studied macroscopically and microscopically in twenty-two eyes of healthy animals. After macroscopic observation, 12 of 22 eyes were used for histological study. Ten eyes were stained with hematoxylin and eosin and two eyes with PAS stain. The present findings revealed that the eye of the buffalo was characterized by the complex network of retinal blood vessels (holangiotic or euangiotic). The central retinal artery and vein pierced the eye through the optic disc and gave off several branches. There were four pairs of primary vessels that were named dorsal, ventral, nasal and temporal retinal arteries and veins. The veins anastmosed with each other at the optic disc to form a somewhat circle. Three patterns of the distribution of blood vessels were described. The distribution of the arteries and veins was the same. KEY WORDS: buffalo, retinal blood vessel.
The domestic water buffalo is a familiar animal that inhabits widely in the open land and one of the important animals in some countries as Egypt. Anatomy of buffaloes attracted the attention of many investigators in the recent years. There are few studies about the anatomy of the eye and the visual system in the buffalo [8] . Moreover, no study described the normal picture of the retinal blood vessels in the buffalo. Therefore, the following study was applied for clarification of the morphology of the retinal vascular pattern of the buffalo's eye. The surface and topographic anatomy of the eyeball of buffalo was also carried out to help in the study of comparative anatomy between ruminants [4, 12] and other animals [11, 13] .
The present investigation was carried out on twenty-two eyes of healthy buffaloes (Bos bubalis) of different ages and sexes. The specimens were obtained from Benha slaughterhouse in Egypt just after slaughtering and immersed in a convient amount of 10% formalin solution with phosphate buffer (pH 7.4) for fixation. Cut was made in the cornea, and the lens and vitreous humor were removed to allow formalin solution to penetrate inside the eyeball for good fixation.
The retinal vasculature of the eye of buffaloes was described macroscopically by the aid of a dissecting microscope.
Twelve eyes were used for the histological study. Ten eyes were stained with hematoxylin and eosin. Five eyes were embedded in paraffin and the others in resin. The steps of embedding the specimens in resin (hydroxy methyl methacrylate) were dehydration in a series of ethanol dilutes (70-90%), infiltration and polymerization at room temperature. Sections of 5, 10 and 20 µm in thickness were made using ordinary microtome and routinely stained with hematoxylin and eosin. The other two eyes were used to prepare retinal wholemount. Retinas were flattened on a gelatinized slide and stained with PAS stain to differentiate between the arteries and veins [10] .
The retina of buffalo was holangiotic (euangiotic) and characterized by the presence of intensive vascular network in the pars optica retinae (Fig. 1) . The blood vessels extended from the optic disc to supply the different parts of the retina. They were more numerous in the dorsal part of the retina than in the ventral part.
The central retinal artery and vein were radiated from the optic disc. As soon as the central retinal artery and vein had reached the optic disc, they gave off dorsal, ventral, nasal and temporal retinal arteries and veins ( Figs. 1 and 2 ). The ventral, nasal and temporal branches subdivided into small vessels to supply the ventral, ventrolateral and ventromedial parts of the retina.
The veins containing blood were observed clearly on the retinal surface (Fig. 1) . Their main branch was the dorsal retinal vein that ascended dorsally with the dorsal retinal artery and in close apposition. It divided into many secondary veins to the different parts of the retina. The dorsal retinal vein ascended about 10-15 mm to the dorsal area then gave off 8-10 secondary branches with small diameter that subdivided into fine branches. In 15 of 22 (68%) specimens observed, the dorsal retinal vein gave off 5-6 branches from its lateral aspect and 3-4 branches from its medial aspect and finally, divided dorsally into two branches (Fig. 2a) . On the other hand, in 4 of 22 (18%) specimens observed, one branch arose directly from the lateral aspect of the dorsal retinal vein and the next five branches arose by common stem (Fig. 2b) . In 3 of 22 (14%) specimens observed, there was an anastmotic branch that extended between the dorsal and temporal retinal veins (Fig. 2c, see thick arrow) . In 4 of 22 (18%) specimens observed, the four primary veins anas-tmosed with each other at the optic disc to form a somewhat circle (Fig. 2c, see thin arrow) . The vessels were lacking in the area of visual streak that located dorsal to the optic disc. The peripheral parts of the pars optica retinae and the pars caeca retinae (pars ciliaris and pars iridica) were also deficient of retinal blood vessels.
Macroscopically, the color of the veins appeared deep red in 90% of the specimens while they were pale in the other specimens. The arteries and veins could be distinguished from each other by PAS stain in the histological examinations. The arteries were small in diameter and stained red intensely while the veins were large and stained less intensely (Fig. 3) .
The retinal arteries, which accompanied the veins, were given the same names as the veins. Their red color was more intensive than that of veins in the histological observation. Along their course they might be parallel or cross the retinal veins. Their distribution was as the same as the veins.
The large blood vessels lay in the nerve fiber layer and appeared to bulge into the vitreous body (Fig. 4) . The outer diameters of these major retinal arterioles and venules were 90 and 160 µm respectively. The small arterioles, venules and capillaries were located in the ganglion cell layer (superficial), in the inner plexiform layer (middle) and in the inner nuclear layer (deep). The retina of buffalo was holangiotic (euangiotic) and this was the same as in ruminants and pigs [4, 7] , camels [12] and dogs [13] . Johnson [7] , De Schaepdrijver et al. [4] and Peiffer et al. [11] distinguished four retinal vascular patterns in domestic animals based upon the extent and size of the intrinsic blood vessels in the pars optica retinae. They reported that in horses [4, 7] and guinea pigs [4, 7] , the retinal blood vessels were minute and were restricted near the optic disc and called paurangiotic. While in rabbits [4] , the vessels were confined to a broad horizontal band and termed merangiotic and the avian retina was avascular and called anangiotic [4] .
The present investigation in the buffalo eye revealed that there are superficial, intermediate and deep capillaries corresponding to that observed in rats and pigs [2, 4] . On the other hand, Hesse [6] in rats and Rahi et al. [12] in camels described two sets of capillaries (superficial and deep). The capillaries in the buffalo located in the ganglion cell layer, in the inner plexiform layer and the inner nuclear layer. This agreed with the reports by Cairns [2] in rats and De Schaepdrijver et al. [4] in pigs. Hesse [6] in rats and De Schaepdrijver et al. [4] in ruminants and carnivores observed that the deep capillaries located in the outer plexiform layer. In either case, the distribution of capillaries may indicate that the inner layers of retina receive the nutrition from the retinal blood vessels, while the outer retinal layers receive the nutrition from the underlying choroidal vessels.
Our previous paper [8] found that the buffalo had an area of visual streak dorsal to the optic disc, which is deficient of blood vessels. This area of visual streak corresponds to the area centralis in some primates and man [5, 9] . Thus, this area and some other areas of the retina obtain their nutrition from the underlying choroidal vessels [1, 3, 4, 13] .
In conclusion, it could be considered that the retinal blood vessels supplied oxygen and nutrients to most of retina especially the inner layers. In contrast, the choroidal vessels supplied them to the outer retinal layers in particular the photoreceptors [3] and the area of visual streak.
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